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(54) ETCHING GAS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an etching gas suitable for use in preparation 
of film devices represented by LSI, TFT, etc. 

SOLUTION: An etching gas for removing a predetermined part of a film deposited on a 
substrate contains a gas comprising hypofluorite. Furthermore, the etching gas contains 
a gas comprising hypofluorite and hydrogen or hydrogen-containing compound gas or 
contains a gas comprising hypofluorite and oxygen or oxygen-containing compound 
gas. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the etching gas suitable for the thin film device 

manufacture application represented by LSI, TFT, etc. 

[0002] 

[Description of the Prior Art] In the thin film device manufacture process centering on semi- 
conductor industry, the optical device manufacture process, and the charge manufacture process 
of super-steel, various thin films, a thick film, fine particles, a whisker, etc. are manufactured 
using a CVD method, the sputtering method, a sol gel process, vacuum deposition, etc. 
Moreover, in a semi-conductor, TFT, etc., in order to form a circuit pattern in various kinds of 
thin film materials which constitute a circuit, vapor etching which removes a thin film material 
selectively is performed. 

[0003] Gas, such as C2F6, and CHF3, SF6, NF3, is used for etching for the circuit formation in 
current and thin film device manufacture. [ CF4 and ] That these have a high global warming 
potential poses a problem, moreover, since these are comparatively stable gas, high energy's 
being required in order to generate CF3 and a radical useful as etchant, F, a radical, etc., and 
power consumption's being large, and the unreacted flue gas treatment of a large quantity are 
difficult for them - etc. - there is a problem. Therefore, development of the alternative gas 
which solves these many problems serves as pressing need. 
[0004] 

[The concrete means for solving a technical problem] In view of the above-mentioned trouble, 
wholeheartedly, as a result of examination, this invention persons find out having the etching 
engine performance excellent in hypo fluorite, and result in this invention. 
[0005] That is, this invention is gas which consists of hypo fluorite for removing the 
predetermined part of the film deposited on the substrate, and offers the etching gas containing 
the etching gas which contained further the gas, hydrogen, or hydrogen content compound gas 
which consists of hypo fluorite, the gas which consists of hypo fluorite, oxygen, or oxygen 
content compound gas. 

[0006] Since the hypo fluorite which is the etching gas of this invention disassembles in 
atmospheric air, in itself does not participate in global warming, but damage elimination of 
unreacted exhaust gas is also easy, and it has the outstanding description with few environmental 
loads, without greenhouse gases, such as C2F6 and CF4, generating to the exhaust gas of etching 
further. Moreover, as compared with CF4 grade, it is possible by using the etching gas of this 
invention to obtain a more nearly high-speed etching rate, a higher aspect ratio, and a better pair 
resist ratio. 

[0007] Hereafter, although this invention is explained to a detail The etching gas of this 



invention A silicon wafer, a metal plate, glass, a single crystal, B, P, W, Si, Ti, V, Nb which 
were deposited on substrates, such as polycrystal, It is used for Ta, Se, Te, Mo, Re, Os, Ru, Ir, 
Sb, germanium, Au, Ag, As, Cr and its compound, and a concrete target as etching gas for oxide, 
a nitride, carbide, and these alloys. 

[0008] In this invention, the hypo fluorite to be used is a compound which has at least 10F 
radical in a molecule, and what has a halogen, a ether group, an alcoholic radical, a carbonyl 
group, a carboxyl group, an ester group, an amine radical, an amide group, etc. in a molecule is 
contained. Since hypo fluorite has the very strong fluorination force, however, the thing which 
has the radical of reducibility and association unstable in energy As cleaning gas, specifically 
preferably CF30F, CF2(OF)2, CF3CF20F, CH3COOF, 3C(CF3) OF, CF2HCF20F, 2(CF3 
(CF3C F2)) COF, CH30F, CFH20F, CF2HOF, CF3CF2CF20F, 2(CF3) CFOF, etc. are 
desirable. Moreover, as long as it is hypo fluorite, it may be possible to use either and you may 
be derivatives, such as a halogenated hydrocarbon radical, the ether and alcohol, a carboxylic 
acid, ester, an amine, and an amide. Moreover, since it has reactivity with the same said of the 
compound which has two or more OF radicals in a molecule, it can be used. However, as hypo 
fluorite was mentioned above, since the fluorination force is very strong, what has the radical of 
reducibility and association unstable in energy is not practical, and hypo fluorite which was 
mentioned above is desirable [ what ]. 

[0009] In this invention, especially the technique or the reaction condition of etching, such as 
RIE (reactive ion etching) and ECR (electron cyclotron resonance) plasma etching, do not ask. If 
hypo fluorite is used, F radical reaches the groove bottom section etched, when CFn ion carries 
out incidence further, etching progress and a side attachment wall will be protected by deposition 
of a fluorocarbon polymer in a lengthwise direction, and anisotropic etching will be made 
possible by [, such as being based on F radical, ] carrying out direction-etching prevention. In the 
case of hypo fluorite, in order to generate especially F radical not only but also CF3+ ion so 
much in the plasma, the effectiveness which was excellent also as etching gas is demonstrated. 
Moreover, there is an advantage which can perform anisotropic etching, removing efficiently the 
fluorocarbon film deposited on the side attachment wall, since O is contained. 
[0010] The etching approach of this invention can be enforced under various dry etching 
conditions, such as plasma etching, reactant plasma etching, and microwave etching, and may be 
mixed and used at gas, such as these etching gas, inert gas, such as helium, N2, and Ar, or HI, 
HBr, HC1, CO, NO, 02, CH4, NH3 and H2, C2H2, and C2H6, and a suitable rate. Especially the 
thing for which the hydrogen content compound gas which contains hydrogen, such as hydrogen, 
and CH4, NH3, HI, HBr, HC1, to the above-mentioned etching gas used in this invention is 
mixed and used by the flow rate below the amount of 10 times by flow rate especially when 
using it as etching gas in order to reduce the amount of F radicals which promotes isotropic 
etching, and in order to raise the reaction selectivity of Si02 and Si is desirable. Since the 
amount of F radicals effective in etching will fall remarkably if many hydrogen content 
compounds are mixed from an amount 10 times, it is not desirable. In order that the pressure in 
the case of using it may perform anisotropic etching, as for gas pressure, it is desirable to carry 
out by the pressure of 5 or less Torrs, but since an etch rate becomes slow by the pressure of 
0.001 or less Torrs, it is not desirable. Although the quantity of gas flow to be used is based also 
on the reactor capacity of an etching system, and wafer size, it is desirable to etch by the flow 
rate between 10SCCM - 10000SCCM(s). Moreover, since the process tolerance which the 



inclination etching advancing isotropic at the elevated temperature at which 400 degrees C or 
less exceed desirable 400 degrees C is and needs not being acquired, and a resist are etched 
remarkably, the temperature to etch is not desirable. Thus, by using it, mixing with hydrogen or 
hydrogen content compound gas, selectivity of the etch rate of the silicon at the time of 
processing of a contact hole and silicon oxide can be raised. 

[001 1] Moreover, it is effective, if the oxygen content compound gas of oxygen or CO and NO, 
N20, and N02 grade is added when a metaled etch rate wants to improve to oxide and a nitride. 
Especially the thing mixed and used by the flow rate below the amount of 4 times by the flow 
rate to hypo fluorite is desirable like addition of hydrogen gas etc. Since the amount of F radicals 
effective in etching will fall remarkably if much oxygen content compound gas is mixed from an 
amount 4 times, it is not desirable. In order that the pressure in the case of using it may perform 
anisotropic etching, as for gas pressure, it is desirable to carry out by the pressure of 5 or less 
Torrs, but since an etch rate becomes slow by the pressure of 0.001 or less Torrs, it is not 
desirable. Although the quantity of gas flow to be used is based also on the reactor capacity of an 
etching system, and wafer size, it is desirable to etch by the flow rate between 10SCCM - 
10000SCCM(s). Moreover, since the process tolerance which the inclination etching advancing 
isotropic at the elevated temperature at which 400 degrees C or less exceed desirable 400 degrees 
C is and needs not being acquired, and a resist are etched remarkably, the temperature to etch is 
not desirable. Thus, by using it, mixing with oxygen or oxygen content compound gas, 
selectivity of the etch rate of the silicon at the time of processing of a contact hole and silicon 
oxide can be raised. 
[0012] 

[Example] Hereafter, although an example explains this invention to a detail, this invention is not 
limited to this example. 

[0013] Examples 1-3 and example of comparison 1 this example are examples which applied this 
invention to contact hole processing, and etched the interlayer insulation film (Si02). The 
sample used in this example forms the resist mask 3 which is shown in drawing 1 and which the 
insulator layer 2 between SiO two-layer was formed on the single crystal silicon wafer 1 like, 
and prepared opening as this etching mask of Si02 further. 

[0014] It installed in the etching system equipped with the power source which supplies 
13.56MHz high-frequency power for the above-mentioned wafer, and the pair resist ratio of the 
processing configuration of the resist opening circumference and Si02 etch rate was measured. 
The result of having etched Si02 on condition that the following as an example is shown in a 
table 1. 

[0015] Consequently, also when it etched by CF30F, the sufficiently high etch rate to Si02 
could be taken, the selection ratio of Si02 and a resist was also larger than the case of etching by 
CF4, and shoulder omission was not accepted to the resist, either. 
(Conditions) 

Hypo fluorite flow rate : 50SCCM gas pressure : 0.02TorrRF power density : 2.2 W/cm2 [0016] 
Thus, by using the etching gas of this invention, a high-speed etching rate is obtained and high 
selectivity is acquired also to a resist. Moreover, although it is desirable to have the etching 
property which does not have shoulder omission to a resist, a processing configuration without 
shoulder omission is acquired by using the gas of this invention. In addition, it is shown that O 
mark of the CD loss in a table 1 does not have shoulder omission, and ** mark shows that 



shoulder omission is accepted. 
[0017] 
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[0018] When Ar was added to example 4CF30F and it etched into it like the example 1, the pair 
resist ratio has been improved by 7. 

CF30F flow rate : lOSCCMAr flow rate : 200SCCM gas pressure : 0.02TorrRF power density: 
2.2 W/cm2 [0019] H2 and C2H2 were added to examples 5-12 and example of comparison 
2CF30F, and the etch rate of Si and Si02 was measured. The result was shown in a table 2. If 
H2 and C2H2 are added, since the etch rate of Si falls and selectivity goes up to the etch rate of 
Si02 not changing, alternative etching is possible in Si02 to the silicon of a substrate. Moreover, 
the same result was obtained even if it changed hydride gas into CH4, HI, HC1, and HBr. In 
addition, etching conditions other than a quantity of gas flow were performed on the same 
conditions as the above-mentioned examples 1-3. 
[0020] 
[A table 2] 
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[0021] Etch rate 39554 at the time of not adding 02, when 02 was added to example 13CF30F 
and W was etched into it From /min to 400259 It improved to /min. On the other hand, the etch 
rate of Si02 is 5453. It is 9865 when 02 is added from /min. It improved to /min and was a 
request. From this result, when 02 was added, it could improve remarkably and the selection 
ratio of a metaled etch rate to oxide was understood that metaled selective etching is possible. 
(Conditions) 

CF30F flow rate: 50SCCMO2 flow rate : 1 OSCCM gas pressure : 0.02TorrRF power density : 
2.2 W/cm2 [0022] 

[Effect of the Invention] It is the etching gas for circuit formation in the device manufacturing 
installation in semi-conductor industry etc., and since accurate etching is possible for the gas of 
this invention and damage elimination of the etching gas discharged out of this equipment is easy 
for it, it is etching gas without worries about global warming or an ozone crack. 
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